Phenotypic expression of the murine intraspecies and interspecies antigenic determinants of the major type C viral structural 30,000-dalton polypeptide, p30, was measured by radioimmunoassay inhibition in cell lines from different species. Uninfected normal rat kidney (NRK) cells did not contain detectable levels of murine intraspecies and interspecies p30 antigen, whereas rat cells transformed by and producing murine sarcoma virus (MSV)-Moloney leukemia virus (M-MSV-MuLV) contained high levels of both murine intraspecies and interspecies p30 antigen. Significant amounts of murine intraspecies and interspecies p30 antigen were detected in wild-type MSV-transformed nonproducer NRK cells. The (33) . In the present study, radioimmunoassay procedures (25, 29, 33a) were used to measure levels of the major murine internal virion polypeptide, the 1245 on November 2, 2017 by guest
which are cold sensitive for maintenance of the transformed phenotype. Both murine intraspecies and interspecies p30 antigens were detected in NRK(MSV-lb) cells when grown at the permissive (39 C) or nonpermissive (33 C) (30, 32) . The existence of these mutants permits an examination of viral gene products required for the initiation and maintenance of the transformed phenotype. We have previously described the isolation and characterization of a cold-sensitive mutant of MSV (32) . Infection of normal rat kidney (NRK) cells by the mutant MSV results in nonproducer transformed cells which are cold sensitive for maintenance of the transformed state. The cells express the transformed phenotype at the permissive temperature (39 C), but appear phenotypically normal at the nonpermissive temperature (33 C) . The kemia virus (M-MuLV), and the rescued MSV is cold sensitive for transformation of NRK cells. In an earlier study it was shown that cells grown at permissive or nonpermissive temperatures contained quantitatively similar amounts of viral-specific RNA as measured by molecular hybridization with a single-stranded DNA probe synthesized by the virion polymerase with the endogenous viral RNA as template (33) . This indicated that the phenotypic expression of transformation was not being controlled at the level of transcription. Similar conclusions were reached by Scolnick et al. (30) . In addition, metabolic inhibitor studies demonstrated that the phenotypic expression of transformation was not affected by inhibitors of DNA or RNA synthesis, but was blocked in the presence of inhibitors of protein and glycoprotein synthesis, suggesting control at the level of translation or post-translational modifications (33) . In the present study, radioimmunoassay procedures (25, 29, 33a) were used to measure levels of the major murine internal virion polypeptide, the group-specific (gs) antigen (11, 13, 24) in transformed and normal cells. This antigen possesses intraspecies (gs-1), interspecies (gs-3), and type-specific antigenic determinants (10, 28, 37, 39) which reside on a single polypeptide chain of approximately 30,000 mol wt (12) . Since other type C viral polypeptides have also been shown to possess group-specific antigenic determinants (38, 41, 42) , the major murine leukemia virus (MuLV) structural polypeptide will be referred to as p30, based on its molecular weight. Previous studies have reported undetectable levels of the murine intraspecies antigen in nonproducer rat cells transformed by Harvey, Kirsten, or Moloney strains of MSV even using sensitive radioimmunoassays (2-4, 7, 19, 27, 30, 41 (14) . GLOH cells (17) Preparation of cell extracts for radioimmunoassay. Confluent monolayer cell cultures were washed two times with phosphate buffered saline (PBS), pH 7.2, removed with a rubber policeman, washed again in PBS, and prepared as a 20% (vol/vol) suspension in PBS. The 20% cell pack was subjected to two cycles of freezing and rapid thawing and sonic treatment for 45 s, followed by centrifugation at 25,000 x g for 90 min at 4 C. The supernatant fluid was tested for the presence of the p30 antigen. The protein concentration was determined by the method of Lowry (21) .
RESULTS
Properties of cell lines used for detection of p30 antigen. Radjoimmunoassay of murine intraspecies and interspecies antigen. To quantitate the degree of murine intraspecies p30 and interspecies p30 antigen expression in various cell lines, a radioimmunoassay-inhibition test was used. Rabbit antiserum to the purified M-MSVMuLV p30 was used to detect the intraspecies antigenic determinant, and goat antiserum raised against Tween-ether-disrupted FeLV was used to detect the interspecies antigenic determinant. The two antisera were titrated using 125I-labeled M-MSV-MULV p30 antigen purified bIsoelectric focusing. Over 80% of the 12II-labeled p30 antigen was precipitated at a 1:3,200 dilution with the rabbit anti-M-MSVMuLV p30 serum and at a 1:400 dilution with the goat anti-FeLV serum (Fig. 1) . For the radioimmunoassay-inhibition test, antisera were used at a dilution which bound 40 to 50% of the 12II-labeled p30 antigen. At this dilution of rabbit anti-M-MSV-MuLV p30, the antiserum detected mainly murine intraspecies and no interspecies determinants based on titrations using labeled p30 antigen derived from Rauscher MuLV and simian sarcoma virus (SSV-1) (data not shown). The specificity and sensitivity of the radioimmunoassay-inhibition test is the subject of another report (33a) . Briefly, the test is capable of detecting 1 to 3 ng of p30 antigen. For the purpose of this study, it was necessary to demonstrate that extracts of cells producing M-MSV-MuLV gave inhibition curves parallel to those obtained with the crude p30 antigen derived from purified virions. In general, compounds containing a group identical to that of the antigenic determinant in the specific antigen will give parallel inhibition of binding (affinity similar to the specific antigen), whereas others give nonparallel inhibition (affinity dissimilar) (6). Figure 2 demonstrates that extracts of M-MSV-MuLV producing cells, 78A1, (Fig. 2A) gave inhibition curves parallel to those obtained with p30 antigen from purified M-MSV-MuLV (Fig. 2B) , thus indicating that identical antigenic determinants were being measured. Competition experiments with the purified 30,000-dalton viral polypeptide gave inhibition curves with slopes similar to those in Fig. 2A (Table 2) , confirming the findings of others who demonstrated a low level of p30 antigen expression in uninfected mouse cells (27) .
The amount of interspecies p30 antigen was also measured in various cell extracts (Table 2 ). C type virus-producing GLOH, NRK(RaLV), 78A1, NRK(M-MSV-MuLV), and NRK(MMuLV) cells had high levels of interspecies antigen. Nonproducer NRK(MSV-la) and NRK(MSV-lb) cells were also found to express the interspecies antigenic determinant; how-100-õ 40 160 40 10 2. Expression of p30 antigen in NRK cells transformed by temperature-sensitive MSV. The ability to detect murine intraspecies and interspecies antigen in MSV-transformed nonproducer NRK cells, coupled with the observation that NRK(MSV-lb) cells grown at the nonpermissive temperature contained approximately threefold more p30 antigen relative to the levels detected at the permissive temperature (Table 2) , prompted us to ask whether the p30 antigens were differentially expressed at permissive or restrictive temperatures in cells temperature sensitive for maintenance of the transformed phenotype. Extracts of NRK(MSV-lb) cells grown at the permissive (39 C) or nonpermissive (33 C) temperature were tested for murine intraspecies and interspecies antigens by radioimmunoassay inhibition (Fig. 3) . Analysis of the inhibition curves indicated that cells grown at the nonpermissive temperature had quantitatively more intraspecies (Fig. 3A) and interspecies ( times more intraspecies p30 antigen protein per cell protein than cells grown at the permissive temperature. Similarly, using the anti-FeLV serum to measure interspecies reactivity, maximal saturation was obtained at 85 to 87% inhibition for p30 antigen from NRK(MSV-lb) cells grown at either permissive or nonpermissive temperatures. However, cells grown at the nonpermissive temperature required 50 ,ug of protein to attain half-maximal saturation, whereas cells grown at the permissive temperature required 145 ;tg of protein to reach halfmaximal saturation (Fig. 3B) . Thus, the results indicate that NRK(MSV-1b) cells grown at the nonpermissive temperature contain approximately threefold more interspecies p30 antigen per cell protein than cells grown at the permissive temperature.
Inspection of the inhibition curves in Fig. 3 revealed that extracts of NRK(MSV-1b) cells exhibited 85 to 87% competition with labeled antigen for interspecies antibody binding sites (Fig. 3B) , whereas the extent of competition for intraspecies antibody binding sites was only 56% (Fig. 3A) . The increased competition for interspecies p30 antibody binding sites may reflect the activation of cross-reacting RaLV p30 antigen. Since it was shown that extracts of productively infected cells exhibited 90 to 100% competition with labeled antigen for antibody binding sites (see Fig. 2 ), the results suggested that nonproducer NRK(MSV-lb) cells either (i) lack certain antigens which are normally expressed in productively infected cells, (ii) contain material in the cell extract that interferes with antigen-antibody binding, or (iii) contain masked p30 antigenic determinants (2-4, 7, 19, 27, 30, 41) . It is unlikely that the differences can be explained by assay conditions alone, since radioimmunoassay methods with comparable sensitivities were used by workers who were unable to detect p30 antigen in cell extracts. It seems more likely that MSV-transformed nonproducer cells exist with variable degrees of viral genome expression. Furthermore, it is likely that the expression of certain viral genes is under viral as well as cellular control, similar to the morphological revertants of MSV-or RSV-transformed cells (8, 23, 36) , thus permitting a wide spectrum of viral gene expression in transformed cells. In this regard, it is interesting to note that two of the MSV-transformed nonproducer NRK cell lines [NRK(MSV-la) and NRK(MSV-lb) ] have quite dissimilar levels of murine intraspecies p30 antigen but comparable levels of the interspecies p30 antigen. The origin of these two nonproducer cell lines is somewhat different (31, 32) , and it is conceivable that phenotypic repression or the loss of MSV genetic information from cell lines in the absence of any selective pressure for the transformed phenotype, as in the NRK(MSV-la) cell line, could account for the observed differences. Support for this hypothesis was obtained by the analysis of clones derived from NRK(MSV-la) for the presence of a rescuable MSV genome after M-MuLV superinfection. Nineteen NRK-(MSV-la) clones which exhibited transformed morphology were tested, and none yielded MSV upon superinfection with M-MuLV (K. 0. Somers, unpublished data). In contrast, all of the five NRK(MSV-lb) clones tested were found to contain a rescuable MSV genome. It is conceivable that the NRK(MSV-la) clones are either spontaneous transformants or contain a defective MSV genome which cannot be complemented by M-MuLV. These same cells might also be deficient in the information for murine intraspecies p30 antigen expression. Future experiments will attempt to determine whether viral-specific information is present in these clones. The expression of interspecies p30 antigen in NRK(MSV-la) cells (32) , increased 2-deoxy-D-glucose transport (22) , and altered fucosylglycolipid synthesis (34) . These phenotypic markers associated with transformed cells are not expressed when the cells are grown at the nonpermissive temperature. The ability to detect p30 antigen expression in NRK(MSV-lb) cells grown at the nonpermissive temperature indicates that p30 antigen expression is not correlated with the maintenance of the transformed phenotype. Furthermore, the observed increase of p30 antigen levels at the nonpermissive temperature supports this argument. Although the mechanism(s) responsible for the increased levels of p30 antigen at the nonpermissive temperature is not understood, similar increases in groupspecific antigen levels at the nonpermissive temperature were found in chick cells transformed by a temperature-sensitive Rous sarcoma virus mutant (9) . Studies in progress are directed at examining the nature of the p30 antigen in cells transformed by MSV. Radioimmunoassay inhibition revealed that extracts from MSV-transformed nonproducer NRK cells only partially competed with labeled p30 for antibody binding sites, whereas extracts of cells productively infected with M-MSVMuLV completely inhibited antibody binding of 125I-labeled p30. Since it is known that p30 contains at least three classes of antigenic determinants, classified as intraspecies, interspecies, and type specific (37, 39) , it seems likely that certain competing cross-reacting determinants are either not present, present at noncompetitive levels, or are present but unavailable for antibody binding sites in MSVtransformed nonproducer NRK cells. The masking of these antigenic determinants could result from subcellular components in the cell extract that form complexes or aggregates with the antigen and thereby interfere with antibody binding, or alternatively, may represent a conformational alteration of the p30 antigen. Although the data presented demonstrate that extracts from nonproducer NRK(MSV-lb) cells only partially competed with labeled p30 for antibody, recent preliminary experiments indicate that increased competition for p30 antibody can be achieved with cell extracts partially purified by Sephadex gel filtration or subjected to more extensive disruption procedures. Similar observations were reported by Parks et al. (26) , who demonstrated that mild denaturing conditions exposed additional reactive determinants on the major polypeptide of murine mammary tumor virus.
Finally, although there may be no correlation between p30 antigen and maintenance of the transformed state, it is important to recognize that cells which by a number of criteria appear phenotypically normal continue to express a viral function, p30 antigen, which is a useful marker for viral gene expression in mammalian and possibly human cells.
